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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the semiconductor light sensitive 
cell which has the optical-absorption layer of germanium in a silicon substrate, and its manufacture method about a 
semiconductor light sensitive cell and its manufacture method. 
[0002] 

[Description of the Prior Art] The material with which the photodiode used as a semiconductor light sensitive cell for 
communication is used for an optical-absorption layer with light-receiving wavelength from the relation of light- 
receiving sensitivity differs. Since the light-receiving sensitivity in a long wavelength field goes up so that the band gap 
of this material is generally small, silicon (Si) is used on the wavelength of l.Omicro or less, and germanium 
(germanium) and an indium gallium arsenide (InGaAs) are often used by the so-called long wavelength region 
1 .Omicro or more, for example. 

[0003] by the way, accumulation with other circuit elements also with such material (germanium, InGaAs, etc.) 
expensive compared with silicon generally and used for the so-called long wavelength region 1 .0 micrometers or more, 
and the high costs concerning a manufacture process - difficuh - in addition ~ and the done photodiode will also 
become expensive 

[0004] Then, realization of a photodiode which is manufactured using a comparatively low cost silicon process, and has 
light-receiving sensitivity sufficient also by the long wavelength region was desired. Although for that direct deposition 
****** is good on a silicon substrate in the material which has light-receiving sensitivity at a long wavelength region 
like germanium, since lattice constants differ, generally these material and silicon are difficult a crystal growth on 
silicon. 

[0005] As an example which solves this, Tatsumi and others is indicating the method of growing up a direct germanium 
single crystal on a silicon substrate, and the application to a photodiode (Japanese Patent Application No. 9-070933). 
[0006] After this grows a thin germanium layer and grows very thin silicon or a SiGe layer on this on a silicon 
substrate, with heat treatment, it leaves the transposition which carried out localization only to silicon and the 
germanium interface, carries out the grid relief of the interior of a germanium layer completely, forms the thin 
germanium crystal official which lost penetration transposition completely, and grows the germanium single crystal of 
desired thickness on this. 

[0007] The planar type photodiode by which the germanium single crystal layer used as an optical-absorption layer was 
directly formed all over the slot formed on the silicon substrate can be manufactured by growing up these the growth of 
all alternatively to a silicon oxide. 

[0008] Drawin g 1 1 shows the cross section of this photodiode. A slot with a depth of about 1 micrometer is formed into 
the N type silicon substrate 1 (substrate principal plane), and the germanium single crystal layer 4 is alternatively 
grown up to be a side attachment wall to about 0.8 micrometers and silicon oxides 2 and 3 after forming a silicon oxide 
2. Furthermore, 0.1 -micrometer selective growth of the P type silicon layer 12 as an anode electrode is carried out 
continuously. 

[0009] Now, PiN diode is formed between the P type silicon layer 12, the germanium single crystal layer 4, and the N 
type silicon substrate 1 . 

[0010] Next, the opdcal fiber fixed slot 1 1 with a depth of about 75 micrometers is formed. If the opfical fiber 9 of a 
single mode is fixed to this slot, exactly, core 10 portion of a fiber will be located in the longitudinal direction of the 
germanium single crystal layer 4, and will serve as the structure of reaching the germanium single crystal layer 4 whose 
incident light from a fiber is an optical-absorption layer. 
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[0011] 

[Problem(s) to be Solved by the Invention] There are the following troubles in the above-mentioned conventional 
example. If a side attachment wall carries out EEPITAKISHARU growth of the germanium single crystal layer 
alternatively like the above-mentioned conventional example at a part for the slot covered by the silicon oxide 2, as 
shown in drawin g 12 in practice, the facet 7 from which the silicon side of a groove bottom side and a field direction 
differ will be formed in a germanium single crystal layer lateral portion. 

[0012] For example, when germanium is grown up to be the field (100) direction of silicon, the facet 7 of the field 
(311) direction of germanium arises at the angle of about 30 degrees to a base like drawin g 12 . Since germanium 
hardly grows on this facet, if the selective growth of the P type silicon layer 12 is carried out succeeding the germanium 
single crystal layer 4, the N type silicon substrate 1 and the P type silicon layer 12 will be in the state near contact or it 
in the portion enclosed with 0 in drawin g 12 . 

[0013] That is, in the case of the planar type PiN photodiode which carried out the selective growth of the germanium 
single crystal layer as an optical-absorption layer all over the slot formed on the silicon substrate, contact or approach 
of an N type silicon field and a P type silicon field (an anode electrode and cathode electrode) was produced, and only 
junction pressure-proofing of an about [ 1 V ] was obtained, but there was a problem of bringing about the increase in a 
leakage current and the fall of junction pressure-proofing. 

[0014] The purpose of this invention solves the trouble of the above convenfional examples, is a simple method, and is 
offering the semiconductor light sensitive cell which suppressed the increase in a leakage current, and the junction 
proof-pressure fall, and its manufacture method. 
[0015] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, in the semiconductor light 
sensitive cell of this invention, the slot where the side-attachment- wall portion was covered by the silicon oxide is 
formed in the silicon-substrate principal plane of the first conductivity type, a germanium single crystal layer is formed 
in the Mizouchi more highly than the aforementioned silicon-substrate principal plane, and it is characterized by the 
thing of the aforementioned germanium single crystal layer front face above the silicon-substrate principal plane for 
which the silicon layer of the second electrotyping is formed in part at least. Here, it is suitable for a germanium single 
crystal layer that it is an optical-absorption layer. Moreover, it can also consider as the composition in which the 
insulating layer filled up with the crevice between the silicon oxides and the aforementioned germanium single crystal 
layers which were formed in the side attachment wall of a slot is formed. Moreover, as an insulating layer, it can also 
form by the silica application film. Moreover, an insulating layer can also be formed by the silicon oxide. Furthermore, 
also let the first conductivity-type silicon substrate be an N type silicon substrate. On the other hand, the manufacture 
method of the semiconductor light sensitive cell of this invention The process which forms in the silicon-substrate 
principal plane of the first conductivity type the slot which covered the side-attachment- wall portion by the 1 st silicon 
oxide, The process which forms a germanium single crystal layer in the Mizouchi alternatively until it becomes higher 
than a silicon-substrate principal plane, By carrying out etchback of the 2nd silicon oxide or the silica system 
application film to the presentation which forms the 2nd silicon oxide or a silica system application film in the whole 
surface It considered as the method including the process at which a part of germanium single crystal layer is exposed, 
and the process which grows up the silicon layer of the second conductivity type into the exposed aforementioned 
germanium single crystal layer front face alternatively. In this case, the polish process of the 2nd silicon oxide can also 
be performed before the process which carries out etchback of the 2nd silicon oxide. Moreover, about a polish process, 
until just before a part of germanium single crystal layer is exposed, it can also carry out. 

[0016] Without performing a photolithography process, by the simple method, all over the slot formed on the silicon 
substrate, contact or approach of the N type silicon field of the planar type PiN photodiode which carried out the 
selective growth of the germanium single crystal layer as an optical-absorption layer, and a P type silicon field (an 
anode electrode and cathode electrode) can be avoided, and the increase in the current of a PiN photodiode and the fall 
of junction pressure-proofing will be suppressed by giving the above-mentioned means. 
[0017] 

[Embodiments of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained with reference 
to a drawing. Drawin g 1 is the cross section of the semiconductor light sensifive cell concerning the gestalt of operation 
of this invention, the slot where the side attachment wall was covered by t he silicon oxide 2 is formed in the N type 
silicon substrate I , and the g^nn anium single crv ^tf^l I^Y^^^ 4 forms more highly than the principal plane of the N type 
silicon substrate 1 - having - in addition — and the P type silicon layer 5 is formed in the portion exposed from the 
silica application film 6 For this reason, even if a facet 7 arises, the increase in a leakage current of a PiN photodiode 
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and a junction proof-pressure fall do not produce the N type silicon substrate 1 and the P type silicon layer 5, without 
the portion which contacts or approaches like the conventional example arising. 

[0018] Next, the example shown in this drawin g 1 is explained with reference to the order cross section of a process of 
drawin g 2 - drawin g 6 . 

[0019] First, like drawin g 2 , a silicon oxide 3 is used as a mask at the N type silicon substrate 1 of a field direction 
(100), and the slot of 1.0 micrometers of **** is formed by the dry etching method. Although the area of a slot changes 
with photodiodes to need, if it is a waveguide type photodiode using the single mode optical fiber, it is a rectangle with 
a width of face of 10 micrometers or more. 

[0020] Next, a silicon oxide with a thickness of 0.2 micrometers is grown up to be the whole surface, and it leaves a 
silicon oxide 2 only to the side-attachment-wall section of a slot by the etchback method. 

[0021] Then, the germanium single crystal layer 4 is alternatively grown up to silicon oxides 2 and 3 by about 0.2micro 
high dark circles like drawing 3 from the height of A-A' corresponding to a silicon-substrate 1 principal-plane top. 
[0022] As for this grown method, it is desirable that it is how to indicate Tatsumi and others who stated in the 
conventional example. With nanielyrh^atlre^ment^^aAet^^ 

growing up vei^tfrin-siliceiw^^^ layer (l-2nm^0n thisoiTasiliconsubstrate It leaves the transposition which 
carffed outiocalization only to^siTTcon and"the gennanium interface, the grid relief of the thin interior of a germanium 
layer is carried out completely, the thin germanium crystal layer which lost penetration transposition completely is 
formed, and the germanium single crystal of desired thickness is grown up on this. At this time, the facet 7 of about 30 
degrees is formed to a base like drawing 3 . 

[0023] next, . which applies the silica application film 6 to the whole surface like drawin g 4 - the silica application 
film 6 by which flattening was carried out is formed on the germanium single crystal layer 4 at the same time this lays 
underground the depression (crevice) of the shape of V character produced in the facet 7 by the silica application film 6 

[0024] Then, about 0.1 micrometers of upper parts of the germanium single crystal layer 4 are exposed like drawin g 5 
by dry etching or wet etching. 

[0025] The structure of drawin g 1 is completed by carrying out the selecfive growth of about about 0.1 micrometers of 
the P type silicon layers 5 to the front face of the exposed germanium single crystal 4 to the silica application film 6 in 
this state, as shown in drawing 6 . 

[0026] In order that the feature of the gestalt of this operation may form the P type silicon layer 5 only in the upper part 
of the germanium single crystal layer 4 of the trapezoidal shape which the facet 7 generated It is forming the 
germanium single crystal layer 4 more highly than the front face of the N type silicon substrate 1 . the silica application 
film 6 an application and only by carrying out etchback The surface exposure of the germanium single crystal layer 4 
into which laying under the ground of the depression of the shape of V character generated by the facet 7 and the P type 
silicon layer 5 are grown up is formed simultaneous and simple, and the N type silicon substrate 1 and the P type 
silicon layer 5 do not contact or approach like the conventional example. 

[0027] Therefore, since the germanium single crystal layer 4 surely exists in ** of the N type silicon substrate 1 and the 
P type silicon layer 5 and it moreover has a uniform electric-field distribution, in the convenfional example, to junction 
pressure-proofing being obtained only about IV, junction pressure-proofing of an about [ lOV ] is obtained easily, and 
it is in the increase in a leakage current of a PiN photodiode and a junction proof-pressure fall fiilly being suppressed. 
[0028] a surface exposure of the germanium single crystal layer 4 sake - general - photolithography technology - for 
example, a silica application film - contact - although there is also a method of opening a hole, when for that the 
increase in a process of number processes, such as photo-mask creation, a photoresist application, exposure, 
development, and resist-ashing, is expected and the increase of these manufacturing costs is taken into consideration, 
the method of a more simple thing is [ being structure in this example, and ] clearer 

[0029] Next, the gestalt of other operations of this invention is explained with reference to the order cross section of a 
process shown in drawin g 7 - drawin g 10 . 

[0030] The middle is the same even as drawin g 3 of the gestalt of previous operation. Then, about 0.6 micrometers of 
silicon oxides 8 by CVD are made to deposit like drawin g 7 . Although flat nature is missing compared with an 
application film like a previous example in the silicon-oxide growth by CVD, the depression of the shape of V 
character generated in the facet 7 can be laid underground. 

[0031] Next, like drawin g 8 , by the grinding method, the front face of the germanium single crystal layer 4 grinds a 
silicon oxide 8, until just before exposing, and it performs flattening. 

[0032] furthermore, a sentiment - dirty or dry cleaning -- it is dirty and etching removal of the silicon oxide 8 is carried 
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out, like drawin g 9 , the front face of the germanium single crystal layer 4 is exposed, it becomes like drawing 10 by 
carrying out the selective growth of about about 0.1 micrometers of the P type silicon layers 5 to a silicon oxide 8 after 
this like a previous example, and the almost same structure as a previous example is acquired 

[0033] although the gestalt and fundamental effect of previous operation are the same, the structure of this invention is 
more easily [ than the gestalt of previous operation ] realizable with the gestalt of this operation by that growth thicker 
than the silica application film in the gestalt of previous operation uses an easy CVD silicon oxide, and combining the 
grinding method whose technical level improved recently 
[0034] 

[Effect of the Invention] this invention is a simple method like in the planar type PiN photodiode which carried out the 
selective growth of the germanium single crystal layer as an optical-absorption layer all over the slot which was 
described above, and which was formed on the silicon substrate. Contact or approach of an N type silicon field and a P 
type silicon field (an anode electrode and cathode electrode) can be avoided, and the increase in the leakage current of a 
PiN photodiode and the fall of junction pressure-proofing can be suppressed, without being based on the method of 
costs, such as photo lithography, requiring. 

[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor light sensitive cell which the slot where the side-attachment- wall portion was covered by 
the silicon oxide is formed in the silicon-substrate principal plane of the first conductivity type, and a germanium single 
crystal layer is formed in the Mizouchi more highly than the aforementioned silicon-substrate principal plane, and is 
characterized by the thing of the aforementioned germanium single crystal layer front face above the silicon-substrate 
principal plane for which the silicon layer of the second electrotyping is formed in part at least. 
[Claim 2] The semiconductor light sensitive cell according to claim 1 characterized by the aforementioned germanium 
single crystal layer being an optical-absorption layer, 

[Claim 3] The semiconductor light sensitive cell according to claim 1 or 2 characterized by forming the insulating layer 
filled up with the crevice between the silicon oxides and the aforementioned germanium single crystal layers which 
were formed in the side attachment wall of the aforementioned slot. 

[Claim 4] The semiconductor light sensitive cell according to claim 3 characterized by forming the aforementioned 
insulating layer by the silica application film. 

[Claim 5] The semiconductor light sensitive cell according to claim 3 characterized by forming the aforementioned 
insulating layer by the silicon oxide. 

[Claim 6] The semiconductor light sensitive cell according to claim 1 to 5 characterized by the aforementioned first 
conductivity -type silicon substrate being an N type silicon substrate. 

[Claim 7] The manufacture method of the semiconductor light sensitive cell characterized by what is characterized by 
providing the following. The process which forms in the silicon-substrate principal plane of the first conductivity type 
the slot which covered the side-attachment-wall portion by the 1st silicon oxide. The process which forms a germanium 
single crystal layer in the Mizouchi alternatively until it becomes higher than the aforementioned silicon-substrate 
principal plane. Presentation which forms the 2nd silicon oxide or a silica system application film in the whole surface. 
The process at which a part of aforementioned germanium single crystal layer is exposed by carrying out etchback of 
the 2nd silicon oxide of the above, or the silica system application film, and the process which grows up the silicon 
layer of the second conductivity type into the exposed aforementioned germanium single crystal layer front face 
alternatively. 

[Claim 8] The manufacture method of the semiconductor light sensitive cell according to claim 7 characterized by 
performing the polish process of the 2nd silicon oxide before the process which carries out etchback of the 2nd silicon 
oxide of the above. 

[Claim 9] The aforementioned polish process is the manufacture method of the semiconductor light sensitive cell 
according to claim 8 characterized by carrying out until just before a part of germanium single crystal layer is exposed. 



[Translation done.] 
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40 ::iymm2^w^. 

[002 1 ] fiSv^T, ll3cOi;olc, 
fel A^'y^iri ymm. 1 ±M±t3 WJCt I. A - A ■ w« 
$^0*^0. 2//iS<ST\ >'y3yK^tffi|2, 3\.zn 

LxmKmz^^-fh. 

[0022] :.<nmmi., WhmW<^tzm!^(:>(rM 
^.LX\^h-n'^X:hh^timt\.\^. ■tKi:hib, i^'J 
aymWL±l,zm^^y)l'-?=-'yj-m Onm) 
L. >l<7)±t^46T?iv>vDr?y^/ciiS i Gel ( 1 

-2nm) ^&j^uzm, fmimzx'o. x'jnyfcy 
50 ii-7-^j>,^mi>zcr>^m^ttzmiiL^mL, m^^y>\^^ 
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5 

Zo:>f^, ll3cOJ;at;)KffitWL-Ci^3 0jSc7)7 
[00 2 3] {X'tC. ia4c75i3H, ^ffidi^iJ^V^TliK 

[0 0 24 ] fcof^, K7^X yf-y^X{±'>i y hx 

[0025] Zcr>mm.\ aim Lfc^r-^i^v-'^AIllSlk 
;&»li6t;:JrtLT*^0. 1 x/m(3t'iM»^iS;^tl.it 

[0026] i$.%m.<7iBm.<n^mi. 7 r -t •/ h 7 co^ 

4 L/i^fl^(0y;I/-?-'>AmjSifal4 (7)±a5i^;^* t P 

;i 4 Sr NM^- U 3 yffiR 1 <7)«ffi<}: *5 1 « < ^BSt .1 

(tf. 7r-t'yh7tcJ:0^4L/::V^:ttco[!!];^»t<7)ffiiS 
t PSi^ y a yl 5 5rB£ft $ -its ir';|^v::i'> A Wb^h« 
4 0^iB35aj$:|BIfirtS.ofBWcj^f!)ct, NSi^U^y 
1 1 PSv- 'J 3 5 *^t¥*fl?<co J; ttg<!l=Srv ^ L 

[00 27] bfzt^-^x, ^imi^o^ymmtPW^ 

>Jz]yM5 <^mi,ziiS'fyfl'-?-'yj^-^^MiM4-/}<^l£ 

I. ~m^j:mm^ i^r>i)^h. m^mv^t 1 v 
n^Lt-m-^ms.timhti^j:^^<n\,znL. lovsgco 

tg-^iHE*f^mf#'^)tl. P i N 7 * h y-f Kco 'J 

-9mmM. m^m's.i£ft^+^i,zm\^tih ^ 1 1 

[0028] y/l/^--^ Amif£.fBl4 c7)^ffiEttJi0^v:e6 
ai. -flfHii7 5r h'jy:r7 7^-Sffi(cJ:-DT. 

tm. i^^):^m^mzziy9 9h^iim'rh-nmi:^h 
:i<r)fz>!b^zi,t7tV'7X'p^^'<?yt\-Vi^xv 

IS3t- iM. Ui^'XbT'y^y^WmXS^lS 

[ 0 0 2 9 ] ;;i:ic, *f&B^c7)fl!>(7)iijfioj]^®toi,^t , 
07-13 1 ots^tis«»rffi[a^#MtTmHj-ri.. 
[00 30] m'^txu^<^m:m<r>Bm<nWi3tx'tn 
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[003 1 ] lascoi^tc, if^atiio. y^t- 
v-'>Amis.8iii4co^ffl<±iittii-sieffiT>'U 

[0032] Etc. -^x'y hX-yf-J/^(iK5^X7f- 
t'vU:3y@$^b^85:Xyf-y/^*L, lagcoj;^ 
(c. y;U-?:i'>AmiSfll4c7)^M$-Slli!$-ti:. Cico 

i,znLxifyo. ifjLmi,imm^ti.ztx'miQ(n 
10 [0033]:: comf^mmx'ii . 9t<nmw.<^fm t a 

h:Lbx\ ^nmm(r)imx'o^^\,z-jfwmm^^m 
^^^x'hh, 

[0034 ] 

J^m^^tM ^mi^^ Ltzn—i-mo:) p i N 7 * h 

PSv'Jay^lig (ry-h'tMi:;^V-Km) com 
mhl< liigiS?: jgit ?. ^ i: A^'t- 1 , 7 ^ h U V 7 
-f-^i:'<7)3^hcO;5^75^.i.:^ffit:if>Tts PiN7^ 

[llffiiO|gim>5:iK0fl] 

[HI ] :^%m<7)m&<7)mmmi>^^m»^t^mm 
mmx'hh, 

30 |IM»fWC-J>l.« 

mmmmx-hi. 
mmmmx'^ii. 

[05] ^%m<^mm<Dmmi^^ ^m^^mm^c^TM 
mmmmx-hh. 

mmmmx'hh. 

im7 ] :^m(r)m<7)m&mmiu^m{¥^m^<^ 
40 xmimmmx'hi. 

mmmmx'hi, 

mmmmx'hi, 

[010] :^%m<ommmmi^hTm^mmcox 
mmmmx'h^. 

[Hii ] timicommmx'hi . 

[HI 2] ^micommirmm-fitzt^^ioiiu-kmmmx' 
hi, 

50 [t^-f-colKBIi] 
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1 NMiy^J^ymU 
6 ^-U^MOT 



[01 ] 




2 



( 5 ) ^#r?B¥ 11-17 7 12 2 

8 

7 7T-t^yh 

8 x'JnygSfUa 

1 0 ^7 

1 1 ^yr^^mm^ 
12 Pgji/Unyl 

[02] 



3 




2 



1. NSi/»j3>Sffi 7. :7T-tt/h 

6. ^U^^^H 12. PSv'JuVffl 



[US] [114] 
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(6) 



nmw- 11-17 7 1 



[06] 



imi] 




6. ->'J:taS^K 12- PSiv'J=i:^IS 




[08] 



[09] 





1, NSii/'jur/syg 7. 

3. S/'Jn^M^tm 9. 

4. y^b^-tJA^aJB 10. n7 

6. 12. psv'^^i/fs 



[laio] 



mi 1] 





1 . NS'>'Ja>l£ffi 7. TT-b-vh 

2. *>'J=i>mfl:Bl 8. i/'J=i>S{tm 

4. y;u^=:>!;Am^ae io. 37 
6. i/'J^lfi^BJ 12. PS->*Jr]>ffl 
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(7) 
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[131 2] 




7 



12 

3 



2 



1. NSi'Uii^Aft 7. TT-tr-yh 
6. 12. Piiv';3>S 
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